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A MICRO VALVE APmmJUB USING MICRO BEAD AMD 
METHOD FOR CONTROLLING TUB SAME 



Technical Field 

The present invention relates to the fieid of controlling fluid flow 
and its rate rn a micro assay device for the detection of a small quantity 
of an analyie in a fluid. More particularly, the present invention relates 
to a micro (thin film type) valve apparatus using a rnicrobead to control 
fluid flow or its rate, and a method for controlling the micro valve 
apparatus. 

Background Art 

To date, for most diagnostic assay apparatuses for the detection 
is of small quantities of anaiytes In fluids, multspie-sample preparation and 
automated reagent addition devices, or muftipSe-sampie assay 
apparatuses for Identifying a number of samples at the same time, either 
in parallel or sehai procession, have been designed to improve 
efficiency and economy. Such an automated reagent preparation 
20 device and an automated multiple-sample assay apparatus are 
integrated into a single thin film type apparatus. This thin film type 
diagnostic assay apparatus can automatically or seml-automatically 
accurately analyze hundreds of aoafytes using trace amounts of a 
sample and reagents. The thin film type assay apparatus needs a valve 
25 for automatically supplying a sample or reagents (enzyme and buffer). 
However, designing suets a valve for a thin film type assay apparatus is 
complicated. Therefore, there is a need to design a simple valve 
suitable for the thin film type assay apparatus. 
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< Win Rim Type-CD & DVD > 

The standard compact disk Is ■ fonmd'fftsfn' a 12-cm polycarbonate 
substrata, a reieetlve metal layer, and a protective lacquer coating, 
DVD stands for digital video disk, a type of optical disk of the same size 

5 as the compact disk, but with sign ificantiy greater recording capacity. 

The polycarbonate substrate is opiical-qoallty clear polycarbonate. 
In a standard pressed CD or DVD, the data layer is part of the 
polycarbonate substrate, and the data are Impressed as a series of pits 
by a stamper during Injection molding. In the injection molding process, 

10 melted polycarbonate is injected Into a mold under high pressure and 
cooled in a mirror image of the mold or stamper, As a result, reverse 
pits of the stamper are formed on the polycarbonate disk surface during 
mastering as binary data. The stamping master is typical ly glass, 

Those disks can be modified into CD-RGMs, DVDs, blo-CDs or 

15 bio~D¥Ds as thin disk type diagnostic assay apparatuses for detecting 
non-biological analytes or biological molecules in a fluid. In this case, 
during injection molding, instead of the pits, channels as fluid flow paths 
and chambers as buffer reservoirs can be formed in the disk surface. 
Additionally, a thin film type valve for controlling fluid flow and Its rate 

20 through the channels formed in the thin disk surface is required. 

GB 1075800 (published July 12, 1967), entitled "Disc for 
Centrifuge" 5 , disclosures a device for flowing a sample fluid supplied via 
an inject hole of the disc over the surface of the disc by centrifugal force. 
EP 3335946 (published April 12, 1985), entitled "Separating Disks for 

25 Centrifuge*; discloses an apparatus for separating fluid samples injected 
via an inject hole of the disc by lowing tie samples through channels or 
chambers formed in the disc. However, these apparatuses faffed to 
overcome the problems of the thin film type valve and to precisely 
control How rata 

so A general valve using an electromagnet opens or closes a flow 
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path using a cylinder or a plunger that is moved by magnetic force. To 
intensify the magnetic force so as to move the cylinder or fiange, a 
ferroelectric core of an appropriate size and a number of wires wound 
around the cone are required* Also, a large amount of ' electrfcify' is 
5 required to turn ori or off the valve and move the cylinder or flange. 
Trie valve using the electromagnet cannot be constructed as a thin film 
type valve dye to the size of the electromagnet The v&fve generates 
excess heat by consuming a large amount of electricity. To address 
these problems, according to the present invention, electromagnets and 

id a microbead are used. A valve using the micrcbead according to the 
present Invention can be constructed in thin film form, and a small fores 
is required to move the miorofoead. Accordingly, the electromagnets 
can be formed as tiin films, Also, since eieciricity consumption is very 
low, no heat is generated when the valve is operated. 

is Therefore, the micro (thin film type) valve apparatus and the 

method for control Img the same according to the present invention are 
suitable for a thin film type diagnostic assay apparatus, such as a 
iab-on-a*phip f or D1SIA-chip r for detecting a small quantity of an analyte in 
a fluid, and especially, for interconnecting and blocking channels formed 

20 in a thin disk type assay device, syoh as a CD-ROM, a USfB, a bio-CD, 
and a bio-DVD> or for controlling the rate of fluid flovrfng. 

Accordingly, it Is an object of the present invention is to provide a 
micro (thin film type) valve apparatus and a method for controlling the 
same, In which a rnicrobead that is moved by the magnetic or electric 

as force generated by electromagnets or electrode plates installed on the 
top and bottom surfeces of Its body is placed in the middle of channels to 
block or interconnect the channels. 

It Is another object of the present Invention to provide a thin film 
type diagnostic assay apparatus for detecting a small quantity of an 

30 analyte using the micro (thin film type) valve apparatus for controlling 
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fluid flow and Its rata, and particularly, to provide an nucleic acid assay 
apparatus and method for detecting whether a sample contains a target 
nucleic acid or not, osing the mioro(ihin film type) valve apparatus. 

5 Disclosure of t he I nvention 

In one aspect, the present invention provides a micro valve 
apparatus cornpnsing: channels as flow paths of a fluid; a hole which 
Interconnects the channels; a body In which the channels and the hole 
are formed; upper and tower electromagnets mounted on the top and 

10 bottom surfaces of the body, respectively^ opposite to each other, which 
generate a magnetic force with the application of power; and a 
microbead which is moved upward or downward by onfeff control of the 
power appHed to the upper and lower electromagnets, to open and close 
the hole, thereby controlling fluid flow and its rate. 

is Alternatively, tie present invention provides a micro va^ve 

apparatus comprising: channels as flow paths of a fluid; a hole which 
interconneGts th^ channels; a body in which the channels and ih& hole 
are formed; upper and lower electrode plates mounted on the top and 
bottom surfaces of the body, respectively opposite to each other, which 

20 generate an electric field with the application of power; and a charged 
micrdbesd which is moved upward or downward by controlling the 
direction in which power Is applied to the upper and lower electrode 
plates, to open and close the hole, thereby controlling fluid flow and its 
rate. 

25 In each of the micro valve apparatuses described above, the body 

may comprise a ventilating hole through which air is exhausted to allow 
smooth flow of the fluid. In this case, the ventilating hole Is formed in 
an opposite direction to the direction in which the fluid flows or a 
centrifugal force is exerted, 

30 In each of the micro valve apparatuses described above, the body 
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may be formed of a material selected from the group consisting of plastic, 
P^iymMhylmet^^ mica, and silica. Preferably, 

the microbead Is formed of a material selected from the group consisting 
of ferroelectric particles, paramagnetic particles, diamagnetic particles, 

s metal particles, metal-coated plastic particles, and metal-coated glass 
particles. Preferably, the mlcrofoead is spherical or fion-spherlcaf, and 
more preferably, spherical Preferably, the non-spherical microbead is 
a thin cylindrical element or a thin rectangular element 

Preferably, the microbead has a diameter of 1 pm-1mm, and more 

10 preferably, 1 0O-5O0 gm. Preferably, the hole is rounded corresponding 
to a curvature of the microbead. Preferably, the hole includes an 
auxiliary inner hole having a diameter smaller than the microbead and/or 
an auxiliary outer hole having a diameter greater than the microbead. 

In each of the micro valve apparatuses described above, the body 

as may be a thin disk type apparatus selected from the group consisting of 
CD-ROM, DVD, bio-CD, and bio-DVD. Preferably, the body comprises 
a confining groove and/or a confining channel which holds the 
microbead and prevents it from leaving away. 

Preferably, the body Is constructed by binding upper, intermediate, 

20 and lower substrates together. In this case, two chambers and the hole 
are formed through the intermediate substrate, one chamber and an 
upper channel connecting the chamber and the hole are formed 
recessed to a depth in the upper substrate, and the other chamber and a 
lower channel connecting the chamber and the hole are formed 

25 recessed to a depth in the lower substrate. 

In another aspect, the present invention provides a method for 
controlling the micro valve apparatus described above, which includes 
the uppe>t and lower electromagnets, the method comprising: in order to 
block the channels by closing the hole of the micro valve apparatus. 
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cutting off the power applied to the upper electromagnet and applying 
power to the lower electromagnet to attract the mlorobead to the Note; 
and In order to Interconnect the channels with each other by opening the 
hole, cutting off the power applied to the lower electromagnet and 

s applying power to the upper electromagnet to attract the microbead so 
as to be removed from the hole. 

Alternatively, the present invention provides a method for 
controlling the micro valve apparatus described above, which includes 
the upper and lower electrode plates, the method comprising: in order to 

10 block the channels by closing the hole of the micro valve apparatus, 
applying a voltage of the same polarity as the charge of the microbead to 
the upper electrode plate to rape! the charged microbead and applying a 
voltage of the opposite polarity to the lower electrode plate to attract the 
charged microbead to the hole; and in order to interconnect the channels 

is with each other by opening the hole, applying a voltage of the same 
polarity as the charge of the microbead to the lower electrode plate to 
repel the charged microbead and applying a voltage of the opposite 
polarity to the upper electrode plate to attract the charged microbead so 
as to be removed from the hole, 

20 In another aspect, the present invention provides a nucleic acid 

assay device in which fluid flow between chambers is controlled by one 
of the micro valve apparatuses described above, the device comprising: 
a sample infectton unit via which a nucleic add containing sample is 
injected; a preparation chamber where DMAs or RHAs are prepared from 

25 Wm nucleic add containing sample; a PCR (poiymerase chain reaction) 
chamber where the DNAs or RMAs are amplified through PCR or 
RT-PCR; an array chamber where the amplified DMAs or cDNAs are 
hybridized to a capture probe; a trash chamber where the non-hybridized 
waste from the array chamber is collected; and a plurality of chambers 

so for storing a variety of enzymes and buffer solutions required for 
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processes. 

Preferably, the nucleic acid assay device is a iab-on-a-cblp where 
the preparation chamber, the PGR chamber, the trash chamber, 
channels, and holes are formed in a disk type body. Sn this case, the 
5 disk type body may be constructed by binding the upper, intermediate, 
and iowar substrates together. 

In the nucleic acid assay device according to the present 
invention, it Is preferable that opening or closing of the holes of the micro 
valve apparatus at the start and end of each of the processes is 

10 controlled by on/off control of the power applied to the upper and lower 
electromagnets or by controlling the direction in which power is applied 
to the upper and lower electrode plates, and that the fluid flow is induced 
by the centrifugal force which occurs as the disk type body is rotated. 

Sn anther aspect, the present invention provides a nucleic acid 

is assay method in the nucleic acid assay device described above, the 
method comprising: (a) injecting a nucleic acid containing sample into 
the preparation chamber via the sample injection unit; (b) preparing 
DNAs or RNAs from the nucleic acid containing sample; (c) opening a 
first hole between the preparation chamber and the PGR chamber and 

20 rotating the nucleic acid assay device for a predetermined period of time, 
to transfer the prepared DNAs or RNAs to the PGR chamber; (d) closing 
the first hole, opening a second hole between a chamber which store 
enzymes and bufer solutions required for PGR and the PGR chamber, 
and performing the PGR or RT-PCR to amplify the DMAs or RMAs; (®) 

25 after the PGR or RT-PCR has completed, closing the second hois, 
opening a Mr<I hole between the PGR chamber and the array chamber, 
and rotating the nucleic acid assay device for a predetermined period of 
time, to transfer the amplified DNAs or dDNAs to the array chamber; (f) 
closing the third hole, opening a fourth hole between a chamber which 

so stores enzymes and buffer solutions required for hybridization and the 
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array chamber, and performing the byfeodization; and (g) after the 
hybridization has completed, closing the fourth hole, Qp&nmg a fifth hole 
between the array chamber and the trash chamber, and rotating the 
nucleic acid assay device for a predetermined period of time, to collect 

5 the waste from the hybridization within the trash chamber. 

The present invention will be described in greater detail with 
reference to the appended drawings. 

Referring to FIGS. 1A and I B, a body iOQ or solid substrates 1, 2 8 
and 3 can foe formed of a variety of materials, Inclyding plastic, 

io polymethylmethacrylaie (FMMA), glass, mica, silica, eta However, 
among those materials, piastfc is most preferred for economical reasons, 
convenience of processing, and compatibility with existing laser 
reflects on-based detectors for CD-ROMs and DVDs, Suitable plastics 
include polypropylenes, polyacrylates, poiyvlnyl alcohols, polyethylenes, 

is polymethylmethacrylates, and polycarbonates. Among those materials, 
polypropytenes and polycarbonates are more preferred, with 
polycarbonates being most preferred. 

In an embodiment according to the present Mention, the 
microbesd includes, for examples, ferroelectric particles, paramagnetic 

20 pariiotes, dlamagnette particles, metal particles, etc, The mfcrobead 
can be formed of piastic or glass parties, which is further coated with a 
metal Alternatively, the meta! particles for the metal bead can he 
mstal-^Jioy particles. The mlcrobead can be charged, in this case, 
instead of electromagnets, electrode plates are arranged on the top and 

25 bottom surfaces of the body 100. The charged nmcrobead can be 
moved according to the direction In which a voltage is applied to the 
electrode plates, to open or close a hole connecting channels; 

The mlcrobead has a diameter of 1pm-1rftrn, and preferably, 
1QGpm~50GpiTL When the diameter of the mlcrobead is increased, the 
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hole can be opened or plugged with higher reliability due to an increase 
in the contact area between the hole and the microbead. 

Microbeads suitable for use in fee valve apparatus according to 
the present invention are readily available in varying diameters from 
s Aidrich Chemical Company, British BioGel I International, Nahoprobes, 
Inc. it will be appreciated by those skilled in the art that the diameter of 
the microbead can be increased or reduced as needed. 

The micro (thin film type) valve apparatus according to the 
present Invention includes a foody 100 having an inlet 1 1 a, an outlet 11b } 
10 channels 22. and a ventilating hole 12, electromagnets 4a and 4b 
mounted on the opposite surfaces of the body 100 to generate a 
magnetic force with the application of power, a hole 10 connecting the 
channels 22 in the body 100, ami B microbead 70 that Is moved upward 
or downward by the magnetic force generated by the electromagnets 4a 
is and 4b to open or close the hole 10, thereby controlling fluid flow and its 
rate. 

In the present invention, preferably, the electromagnets 4a and 4b 
are thin electromagnets with an air core. As described above, the 
microbead 70 can be a magnetic ball, a thin cylindrical magnet or thin 
20 rectangular magnet (bar magnet). As power is applied to the 
electromagnets 4a or 4b, the spherical magnet, thin cylindrical magnet, 
or thin rectangular magnet is attracted to the electromagnets 4a or 4b. 

FIGS. 1A and 18 are sectional views for illustrating the operation 
of the micro (thin film type) valve apparatus using the microbead 
25 according to the present invention. Reference numerals 1 1 2, and 3 
denote three substrates constituting the body 100. 

The body 100 is constituted by the upper substrate 1, the 
intermediate substrate 2, and the lower substrate 3. While the upper 
substrate 1, the intermediate substrate 2, and the lower substrate 3 are 
30 formed by i nfection molding, the channels 22 as flow paths, chambers 20 
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and 22 as buffer reservoirs, and the hole 10 connecting the channels 22 
are fbrmecf. The upper substrate 1, the iriterimdiate substrate 2 5 and 
the lower substrate 3 are bound together to form a single body 100. 

FIG. 1 A illustrates the state where the hole 10 is plugged by the 

s mierobead 70 to block the channels 22, anft'FfGL IB illustrates the sate 
where the miorobead 70 is removed from the hole 10 to interconnect the 
channels 22 with each other. To block the channels 22 by plugging the 
hole 10 with the mlcrobead 70, as shown in FIG. 1A, power is applied to 
the lower electromagnet 4b while the power applied to the upper 

m electromagnet 4a disposed opposite to the lower electromagnet 4b is cut 
off , To interconnect the channels 22 by opening the hole 1 Q\ as shown 
in FIG, IB, power is applied to the upper electromagnet 4a while the 
power applied to the lower electromagnet 1b is cut off. 

According to the present invention, since the channels 22 formed 

is in the thin film type body 100 are narrow, the ventilating hole 12 is 
formed m the upper substrate 1 to return the air pressure and allow a 
fluid to smoothly flow through the channels 22, 

Also, a confining groove 101 is formed in the upper substrate 1 to 
receive the miorobead 70 when the channels 22 are interconnected with 

20 each other, as showi in FIG. 11. The confining groove 101 holds the 
mlcrobead 70 and prevents the miorobead 70 from dropping into and 
plugging the hole 10 when the body 100 shakes. Preferably, the 
curvature of the confining groove 101 is about 50-70% greaiB? than thai 
of the rnicrobead 70. 

25 FIGS, 2A, 2S, 2G y and 2D Illustrate a variety of embodiments of 

the hole 10 in the micro vaive apparatus using the mlcrobead 70 
according to the present invention. Reference numeral 10 denotes a 
contact region between the miorobead 70 and the intermediate substrate 
2, The contact region Is rounded corresponding to the curvature of the 

30 mlcrobead 70 to prevent a leakage of the fluid when the hole 10 is 

10 
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plugged by the microbead 70. 

Reference numeral 1 Qa denotes the outer margin {also referred to 
as "outer hole"), and reference numeral 10b denotes the inner margin 
(also referred to as "inner hoie") of the contact region. When the 
s contact region is larger, the leakage of the fluid can be more effectively 
prevented. Preferably, the contact region has a diameter of 
100-500pm. 

FIG. 28 illustrates another embodiment of the hole 10 where the 
inner hole 10b has an auxiliary inner hole 19b, This structure with the 

10 auxiliary Inner hole 19b is suitable when a thickness of the intermediate 
substrate 2 is greater than the radius of the microbead 70. FIG. 2C 
illustrates another embodiment of the hole 10 where the outer hole 10a 
and the inner hole 10b have respective auxiliary holes 19a and 19b. 
When the channels 22a and 22c are Interconnected with each other, due 

is to the auxiliary outer hole 19a, the distance by which the microbead 70 is 
moved above to open the hoie 12 can be reduced. 

FIG . 28 Illustrates another embodiment of the hole 10 in the micro 
valve apparatus according to the present invention when a thin 
cylindrical element or a thin rectangular element is used as the 

20 microbead 70'. Reference numeral 10 denotes a contact region 
between the thin cylindrical or rectangular element 70' and the 
intermediate substrate 2. Reference numeral 10a denotes the outer 
margin ("outer hole") of the contact region, and reference numeral 10b 
denotes the Inner margin ("inner hole*} of the contact region. A 

25 confining groove 101* Is formed In the upper substrate 1 to receive the 
thin cylindrical or rectangular element 70' when the channels 22a and 
22c are interconnected with each other. The confining groove 101' 
holds the thin cylindrical or rectangular element 70' and prevents it from 
dropping into and plugging the hole 10 when the body 100 shakes. 
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FIGS. 3A, 38, and 3G illustrate the upper substrate 1, the 
intermediate substrate 2, and the lower substrate 3, respectively, of the 
micro (thin film type) valve apparatus using the microbead according to 
the present invention, where the channels 22, the hole 10, and the 

s chambers 20 and 21, which are described above, are formed. The 
upper substrate 1, the intermediate substrate 2, and the lower substrate 
3 are bound together to form a single body 100. Although not 
illustrated In FIGS. 3A, 38, and 3C, the inlet is formed on the left, and 
the outlet is formed on the right in FIGS. 3A, 3B, and 3C 5 the HllscHn 

lo elements (black) are formed through the substrate, and the other 
elements (white) are formed recessed to a depth in the substrate. 

As the upper substrate 1, the intermediate substrate 2, and the 
lower substrate 3 are bound together, the elements 20a, 20b, 20c form 
the chamber 20 near the inlet, and the elements 21a, 21 p, and 21c form 

is the chamber 21 near the outlet In FIG. 3A, reference numeral 22a 
denotes an upper channel connected to an outlet of an upper chamber 
20a formed in the upper substrate 1. In FIG. 3G, reference numeral 22c 
denotes a lower channel connected to an inlet of a lower chamber 21c 
formed in the lower substrate 3. In FIG. 3S f reference numeral 10 

20 denotes the hole whose wall is rounded to fit to the microbead 70. 

At one end of the upper and lower channels 22a and 22c, 
respective upper and lower confining channels 23a and 23c are formed. 
The upper and lower confining channels 23a and 23c have a diameter 
that is a little greater than the microbead 70 to prevent the microbead 70 

2.5 from leaving away when the body 100 shakes. As the upper substrate 
1 , the intermediate substrate 2, and the lower substrate 3 are bound 
together to form the body 100, the upper confining channel 23a, the hole 
10, and the lower confining channel 23c are interconnected with one 
another to form a single hole unit The hole is opened or plugged by 

30 the microbead 70 that is moved by the magnetic force generated by the 
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upper and lower electromagnets 4a and 4b> To prevent the mrcrobead 
70 from Jaaving away, the upper and lower confining channels 23a and 
23c have a diameter that Is preferably 30-60% greater than the 
mierobead TO. 

s F IGS. 3A and 3D are bottom and top views of the upper substrate 

1, respectively. In the top view of FIG. 3D, the ventilating hole 12 is 
apparent. In the micro valve apparatus according to the present 
invention, a fluid flows by centrifugal force or external pressure. To 
prevent the fluid from entering the ventilation hole 12, a ventilating path 
io 24 connected to the ventilating hole 12 is formed toward the Inlet of the 
body 1Q0 S Le* t opposite to the direction In which the centrifugal force Is 
exerted. 

In another aspect of the present invention, there is provided a 
method for controHing fluid flow and its rate in the mfero (thin film type) 

is valve apparatus using the mlcrobead, by controlling the duration of time 
In which the hoieis opened or closed by the mlcrobead that is moved by 
the magnetic force generated by the upper or lower electromagnets 

In the method for controlling the micro valve apparatus using the 
mlcrobead according to the present invention , to block fluid flow through 

20 the channels 20 and 21 in the micro valve apparatus, the power applied 
to the upper electromagnet 4a is cut off, and power Is applied to the 
lower magnet 4b to attract the mlcrobead 70 to the hole 10, thereby 
plugging the hole 10- in contrast, to interconnect the channels 20 and 
21 with each other to allow fluid flow, the power applied to the lower 

as electromagnet 4b is cut off, and power is applied to the upper 
electromagnet 4a to pull the mlcrobead 70 so as to be removed from the 
hole 10. 

In another aspect of the present invention, there is provided a 
method for controlling fluid flow and Its rate in a micro valve apparatus 
30 using a charged mierobead, In which the charged mlcrobead is moved 
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using a charged rrsicrobead, in which the charged microbsad is moved 
by an electric field generated by upper and lower electrode plates 4a J 
and 4b 1 of the body, to open or close the hole ; thereby controlling fluid 
flow and its rate. In this embodiment, the upper and lower 

s electromagnets 4a and 4b used In the previous embodiment are 
replaced by the upper and lower electrode plates 4a f and 4b 5 \ 

With the assumption that a positively charged micrabead is used, 
the operation for controlling the micro valve apparatus to open or close 
the hole 10 will be described. To block fiord flow through the channels 

id 20 and 21, a positive voltage is applied to the upper electrode plate 4a f 
to repel the positively charged mlcrobead 70 and move It toward the hole 
10, and a negative voltage is applied to the lower electrode plate 4b 5 to 
attract the positively charged mlcrobead to the hole 10, thereby plugging 
the hole 10. In contrast, to Interconnect the channels 20 and 21 with 

is each other to allow fluid flow, a negative voltage is applied to the upper 
electrode plate 4a* to attract the positively charge mlcrobead 70 so as to 
be removed from the hole 10, and a positive voltage is applied to the 
lower electrode plate 4b* opposite to the upper eiectrode plate 4a* to 
increase the rate of fluid flowing through the hole 10, 

20 

Brief Description of the .Drawings - 

FIGS. 1A and 1B are sectional views for illustrating the states 

where a micro vaive apparatus using a mlcrobead according to the 

present Invention operate; 
25 FIGS. 2A> 2S, 2C, and 2D illustrate a variety of embodiments of a 

hole in the micro valve apparatus using the mlcrobead according to the 

present invention; 

FIC5S 3A, 3B ? 3G S and 3D illustrate upper, Intermediate, and lower 

substrates of the micro valve apparatus using the micr obead according 
30 to the present invention, where channels, a hole, chambers, a ventilating 

14 



WO 02/097422 



hole are formed; 

FIG. 4 shows an embodiment of the micro valve apparatus using 
the mic^ob^ad according to the present invention applied to a thin disk 
type lab^n^ehrp, such as a general GD-RQfVf, 0VD f bio-CD, or 
5 blo-DVD; 

FIGS. 5A and 58 are fop and bottom views of the upper substrate 
as a constituent of the body of the micro valve apparatus using the 
miorobead according to the present Invention, respectively, where 
channels, holes, chambers, and upper electromagnets are formed; 
10 FIGS. 6 A and SB are top and bottom views of the intermediate 

substrate as a constituent of the body of the micro valve apparatus using 
the mfcrobead according to the present invention, respectively^ ^here 
holes and channels are formed; 

FIGS, 7A and 78 are top and bottom ¥iews of the lower substrate 
is as a constituent of the body of the micro valve apparatus using the 
mlcrobead according to the present invention, respectively, where 
channels, holes, chambers, and lower electremagnets are formed; and 

FSG. 8 is a flowchart for illustrating a method for controlling a 
micro vaive apparatus using a mlcrobead according to an embodiment of 
20 the present Invention in a thin disk type iab«on-a-chip v such as a genera! 
CD-ROM, DVD, bM*B, or bio«DVD. 

Best mode for carrying o ut the invention 

The present Invention will foe described m greater detail Mth 
25 reference to the following embodiments. The following embodiments 
are for Illustrative purposes and are not intended to limit the scope of the 
Invention, 

< Nucleic Acid Assay Device > 
so FIG, 4 shows a plan view and a sectional view, taken along line 

15 
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a-b, of an nucleic acid assay device constructed as a lab-on-chip 
according to an embodiment of the present invanfjon, where the micro 
valve apparatus using a Tnlcrobead according to the present invention Is 
installed in a thin disk type apparatus 200. The thin disk type 

5 apparatus 200 may be a genera! CD-ROM, DVD, blo-CD, or bio-DVD. 

Reference numarai 100 denotes a body construcled by binding 
the upper substrate 1, the intermediate substrate 2, and the lower 
substrate 3 together. Microbeads 70a, 70b, and 7Do are independently 
moved by the magnetic force generated by eiectmmagnetsc pairs 190a 

io 1 90b ? 1 91 a and 191b, and 1 92a and 1 92b, respectively, to open or close 
holes. Reference numeral ■■'■128 denotes a pipette or syringe for sample 
inj@c*ion 5 reference numeral 121 denotes a sample inlet, and reference 
numeral 170 denotes a disk hol e; 

An example of the arrangement of chambers for storing a variety 

15 of assay buffers and for chemical reactions, channels along which 
sample fluids and the buffers flow, and valves for controlling the- 
channels to be blocked or interconnected with each other, in the thin 
disk type apparatus is shown in FIG. 4. 

In FIG. 4, reference numeral 130 denotes a preparation chamber 

20 where a DNA or RNA sample is prepared from blood or cells. 
Reference numeral 131 denotes a polymerase chain reaction {PGR) 
chamber where PGR or RT-PCR fakes place, reference numeral 132 
denotes an array chamber where the amplified DNA or cDNA fragments 
are hybridized to capture probes specific for a target DNA, which are 

25 immobilizes on a substrate as an array. Reference numeral 133 
denotes a trash chamber for col ieoting waste generated through a wash 
process. Reference numeral 140 denotes a chamber for storing a 
buffer solution Including polymerases, used for the PGR in the PGR 
chamber 131. Reference numerals 141, 142 3 and 143 denote 

30 chambers for storing a variety of enzymes and buffers used for the 
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hybridization in the array chamber 132, 

Opening and closing of the valves (holes) at the start and end of 
each of the processes (preparation, PGR, hybridization, and washing 
process) is controlled by on/off control of the power applied to the 
s electromagnet pair arranged above and below each of the microbeads. 
Fluid flow in the apparatus is Induced by the centrifugal force which 
occurs as the disk type apparatus 200 is rotated. 

FIGS. 5A and 58 are top and bottom views of the upper substrate 

1 as a constituent of the body 100 of the micro valve apparatus using the 
is mierohead according to the present invention, respectively, where 

channels, holes, chambers, and upp^r electromagnets are formed. 
FIGS. SA and SB are top and bottom views of the intermediate substrate 

2 as a constituent of .the body 100 of the micro valve apparatus using the 
rnicrobead according to the present invention, respectively, where holes 

is and channels are formed. FIGS. 7A and 7B are top and bottom views 
of the lower substrate 2 as a constituent of the body 100 of the micro 
valve apparatus using the rnicrobead according to the present invention, 
respectively, where channels, holes, chambers, and lower 
electromagnets are formed. In FIGS. 5A, 5B, SA, SB, 7A, and 78, the 

20 filied-in elements are formed through the corresponding substrate, and 
the other elements are formed recessed to a depth in the corresponding 
substrate. The upper substrate 1 , the intermediate substrate 2, and the 
lower substrate 3 are bound together to form a single body 100, 

As the upper substrate 1, the mterme<Mate substrate 2, and the 

25 lower substrate 3 are bound together, the elements 130a, 130b, and 
tSOe form the preparation chamber 130, the elements 131a, 131b, and 
131c form the PGR chamber 131, the elements 132a, 132b, and 132c 
form the array chamber 132, and the elements 133a, 133b, and 133c 
form the trash chamber 133. The elements 140a, 140b, and 140c form 

30 the chamber 140 for storing a variety of enzymes and buffer use for PGR 
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The elements 141 a t 141b, and 14lGform the chamber 141, the elements 
142a, 142b, and 142c form the chamber 142, and the elements 143a, 
143b, and 145c form the chamber 143, which store a variety of enzymes 
and buffers used for hybridization. 

5 In FIG, SB, reference numeral 150a denotes an uppm channel 

connected to an outlet of the preparation chamber 130a which is formed 
in the upper substrate 1301, reference numeral 151a denotes an upper 
channel connected to an outlet of the PGR chamber 131a which is 
formed in the upper substrate 1 , and reference numeral 1 52a denotes an 

10 upper channel connected to an output let of the array chamber 132a 
which is formed in the upper substrate 1- Reference numeral 153a 
denotes an upper channel connected to an outlet of the chamber 140a 
which is formed in the upper substrate 1, reference numeral 154a 
denotes an upper channel connected to an outlet of the chamber 141 

is which is formed In the upper substrate 1, reference numeral 155a 
denotes an upper channel connected to an outlet of the chamber 142a 
which is formed In the upper substrate 1, and reference numeral 158a 
denotes an upper channel connected to an outlet of the chamber 143a 
which is formed in the upper substrate 1. Reference numerals 211a, 

20 21 1 b. and 21 1c denote ventilating paths connected to the PGR chamber 
131, the array chamber 132, and the trash chamber 133, respectively. 

In FIG, 5A, upper electromagnets 1901, 191a, 182a, 193a, 194a, 
195a, and 196a mounted on the top of the upper substrate 1, and 
ventilating holes 210a, 210b, and 210c connected to the ventilating 

25 paths 21 1a, 21 1b, and 21 1c, respectively, are shown. 

In FIG. 7A. reference numeral 150c denotes a lower channe! 
connected to an inlet of the PCR chamber 131c which is formed In the 
lower substrate 3, reference numeral 151c denotes a lower channel 
connected to an inlet of the array chamber 132c which is formed In the 

30 lower substrate 3, reference numeral 152c denotes a lower channel 
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connected to an inlet of the frash chamber 133c which is formed in the 
lower substrate 3, and reference numeral 153c denotes a lower channel 
connected to an inlet of the PGR chamber 131c which is formed in the 
lower substrate 3. Reference numerals 1 54c, 1 55 c, and 1 56c denote 
s lower channels connected to inlets of the array chamber 132c which is 
formed in the fewer substrate 3, respectively. 

At one end of the upper channels 150a, 151a, 152a, 153a, 154a, 
155a, and 158a, upper confining channels 180a, 161a, 162a t 153a, 
184a, 165a, and 166a each of which has a predetermined diameter are 

to formed, respectively. At one end of the lower channels 150c, 151 o, 
1 52c, 153c, 154c, 155c, and 156c, lower confining channels 180c, 161c, 
162c, 163c, 164c, 165c, and 166c each of which has a predetermined 
diameter are formed, respectively. As the upper substrate 1, the 
Intermediate substrate 2, and the lower substrate 3 are bound together 

is to form a single body 1G0, the upper' confining channels 160a, 161 a, 
162a, 163a, 164a, 165a and 166a, holes 160b, 161b, 162b, 163b, 164b, 
185b, and 166b, and the lower confining channels 160c, 161c, 182c, 
163c, 164c, 165c, and 166c are interconnected, respectively, thereby 
resulting in individual hole units. The holes 160b, 181b, 182b, 163b, 

20 184b, 165b, and 188b are independently opened or closed by 
microbeads that are moved by the electromagnetic force generated by 
corresponding upper and lower electromagnet pairs 190a and 19Gb, 
191a and 191b, 192a and 192b, 193a and 193b, 194a and 194b, 195a 
and 195b, and 196a and 196b, wherein the upper and lower 

25 electromagnet pairs are disposed on the top surface of the upper 
substrate and the bottom surface of the lower substrate, respectively, 
opposite to each other with a hole therebetween. To prevent the 
microbeads from dropping Into and plugging the holes, it is preferable 
that the confining grooves have a diameter that Is 30-60% greater than 

so that of the microbeads. 
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FIG. 8 is a flowchart for illustrating a method for controlling a 
micro valve apparatus using a rnicrobead according to the present 
invention in a fab-on-a-chip in which a thin disk type apparatus 200 is 
installed. The thin disk type apparatus 200 may be a general CD-ROM, 

5 DVD, bio-CD, or bio-DVD. 

Opening and closing of the valves (holes) at the start and end of 
each of the processes (preparation, PGR, hybridization, and washing 
process) is controlled by on/off contra! of the power applied to the 
electromagnet pair arranged above and below each of the microbeads. 

10 Fluid flow In the apparatus is induced by the centrifugal force which 
occurs as the disk type apparatus 200 is rotated. 

A crude blood or cellular sample is injected into the preparation 
chamber 130 via the sample inlet 121 {see FIG. 4} (Step 501). In the 
preparation step (Step 502}, a DMA or RNA sample is extracted from the 

is crude blood or cellular sample. After the preparation step, the hole 
180b is opened, and the disk type apparatus is rotated for a 
predetermined period of time to generate a centrifugal force and stopped 
(Steps 503, 504, and 555), thereby transferring the extracted DNA or 
RHA sample into the RCR chamber 1 3 1 . Next, the hole 1 80b is closed , 

20 and the hole 183b is opened to supply enzymes and buffer solutions 
required for PGR (Step 506), and the PGR is performed (Step 507). In 
the PGR, an additional thermal controller for thermal cycles is needed. 
A detailed description on the thermal controller is omitted here because 
the present invention directs to the micro valve apparatus, After the 

as PGR, to carry the DNA sample to the array chamber 132, the hole 163 is 
closed, the hole 181b is opened, and the disk type apparatus 200 is 
rotated for a predetermined period of time and stopped (Steps 508, 509, 
and 510). Next, the hole 161b is closed, and holes 164b, 165b, and 
186b are opened to supply enzymes and buffer solutions required for 
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hybridization (Step 511), and the hybrid ization is performed {Step 512). 
The holes 164b ? 165b, and 166b are closed (Step 513). Next, the hole 
162b is opened, the disk type apparatus 200 is restated for a 
predetermined period of time and stopped (Steps 514, 515, and 516), to 
5 collect the waste produced during the array process in the trash 
chamber 1 33. Finally, the hole 162b is closed (Step 51 ?}. 

industrial Applicability 

As described above, in the micro valve apparatus using 

id mierobeads or charged mierobeads according to the present invention 
and the method for controlling the same, the mierobeads or charged 
mierobeads am moved upward or downward by the electromagnetic 
force generated by on-off control of the electromagnets or by the electric 
field generated by conf roiling the direction in which a voltage is applied 

is to the electrode plates, so that channels are opened or closed, and the 
flow rate Is controlled. The micro valve apparatus and the method for 
controfilng the same according to the present invention are suitable for 
thin film type diagnostic assay devices, such as labnon-a-chips, protein 
chips, or DMA chips, for detecting small quantities of anaiytes in fluids, 

20 and more suitable for interconnecting or blocking channels formed In thin 
disk type apparatus, including general CD-RQMs, DVDs, bio-CDs, and 
bio-DVDs. 
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What Is claimed is: 

1 , A micro vaf ve apparatus comprising: 
channels as -flow paths of a fluid; 

a hole which Interconnects the channels; 
5 a body In which the channels and the hole era formed; 

upper and lower electromagnets mounted on the top and bottom 
surfaces of the body, respectively, opposite to each other, which 
generate a magnetic force with the application of power; and 

a mfcrobead which is moved upward or downward by on/off 
to control of the power applied to the upper and lower electromagnets, to 
open and close the hole, thereby controlling fluid How and its rate. 

2. A micro valve apparatus comprising: 
channel as flow paths of a fluid; 

15 a hole which Interconneds the channels; 

a body in which the channels and the hole are formed; 
upper and lower electrode plates mounted on the top and bottom 
surfaces of the body, respectively, opposite to each other, which 
generate an electnc field with the application of power; and 
20 a charged mlcrobead which is moved upward or downward by 

controlling the direction in which power is applied to the upper and lower 
electrode plates, to open and close the hole, thereby control! ing fluid 
flow and Its rate. 

25 3, The micro valve apparatus of claim 1 or 2, wherein the 

body comprises a ventilating hole through which air is exhausted to allow 
smooth flow of the fluid. 



4. The micro valve apparatus of claim 3, wherein the 
3D ventilating hole is formed in an opposite direction to the direction in 
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wh§eh the fluid flows or a centrifogai force is exerted, 

5. The micro valve apparatus of claim 1 or 2, wherein the 
body is formed of a materia! selected from the group consisting of plastic, 

5 polymethylmethacrylate (FM MA), glass, mica, and silica, 

6. The micro valve apparatus of claim 1 or 2, wherein the 
microbead is formed of a material selected from the group consisting of 
ferroelectric particles, paramagnetic particles, dlamagrtellc particles, 

to metal partictes* metal-coated piastre partfcfes, and metaiHSoated glass 
particles; 

7. The micro valve apparatus of claim i or 2, wherein the 
microbead is spherical, cylindrical, or rectangular 

is 

8. The micro valve apparatus of cia^m 1 or 2, wherein the 
microbead has a diameter of 1 pm-i mm, 

9. The micro valve appam&us of claim 1 or 2, wherein the hole 
20 is rounded corresponding to a curvature of the microbead. 

1 G, The micro valve apparatus of ci&im 1 or 2, wherein the hole 
includes an auxiliary inner hole having a diameter smaller than the 
microbead andlor an auxiliary outer hole having a diameter greater than 
25 the microbead. 

11. The micro valve apparatus of claim 1 : t wherein each of the 
upper and lower electromagnets is a thin electromagnet with an air core. 
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12, The micro valve apparatus of claim 1 or 2 ? wherein the 
body Is a thin disk type apparatus selected torn the group consisting of 
CD-RGMj DVD, bio-CD , and bio-DVD. 

s 13, The micro valve apparatus of claim 1 or 2 t . wherein the 

body comprises a confining groove and/or confining chamel v*ich holds 
the mfcrobead and prevents It from leaving away, 

14 The micro valve apparatus of claim 1 or 2, wherein the 
id body is constructed by binding upper, intermediate, and lower substrates 
together 

15. The micro valve apparatus of claim 14, wherein two 
chambers and the hole are formed through the intermediate substrate, 
is one chamber and an wppm: channel connecting the chamber and the 
hole are formed recessed to a depth in the upper substrate, and the 
other chamber and a iower channel connecting the chamber and the 
hole are formed recessed to a depth in the lower substrate. 

20 18. A method for eontroiflng the micro valve apparatus of claim 

1 / the method comprising: 

in order to block the channels by closing the hole of the micro 
valve apparatus, cutting off the power applied to the upper 
electromagnet and applying power to the iower eiectromagnet to attract 

25 the m iorobead to the hole; and 

In order to interconnect the channels with each other fey opening 
the hole, cutting off the power applied to the lower electromagnet and 
applying power to the upper electromagnet to attract the microbead so 
as to be removed from the hole. 

3D 
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17. A method for controlling the micro valve apparatus of claim 
2, the method comprising: 

sn order to block the channels by closing the hole of the micro 
valve apparatus, applying a voltage of the same polarity as the charge of 
5 the microbead to the upper electrode plate to repel the charged 
rnicrobead and applying a voltage of the opposite polarity to the lower 
electrode plate to attract the charged microbead to the hole; and 

In order to interconnect the channels with each other toy opening 
the hole, applying a voltage of the same polarity as the charge of the 
10 microbead to the Sower electrode plate to repel the charged microbead 
and applying a voltage of the opposite polarity to the upper electrode 
plate to attract the charged microbead so as to be removed from the 
hole. 

35 18. A nucleic acid assay device in which fluid flow between 

chambers is controlled by a micro valve apparatus of any one of claim 1 
through 15, the device comprising: 

a sample injection unit via which a nucleic acid containing sample 
is injected: 

20 a preparation chamber where DMAs or RNAs are prepared from 

the nuclei c acid containing sample; 

a PGR (polymerase chain reaction) chamber where the DMAs or 
RNAs are amplified through PGR or RT-PCR; 

an array chamber where the amplified DNAs or cDNAs are 
25 hybridized to a capture probe; 

a trash chamber where the non-hybridized waste from the array 
chamber Is collected; and 

a plurality of chambers for storing a variety of enzymes and buffer 
solutions required for processes. 

30 
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19. The nucleic add assay device of claim 18, being 
constructed as a lab-on^a-chip where the preparation chamber, the PGR 
chamber, the trash chamber, channels, and holes are formed in a thin 
disk type body. 

5 

20, The nucieic add assay device of cia^m 19, wherein the disk 
type body is constructed by binding the upper, intermediate, and tower 
substrates together: 

io 21, The nucleic acid assay device of claim 19, wherein 

opening or dosing of the holes of the micro valve apparatus at the start 
and end of each of the processes is controlled by on/off control of the 
power applied to the upper and lower electromagnets or by controlling 
the direction In which power is applied to the upper and lower electrode 

is plates, and the fluid flow Is induced by the centrifugal force whic^ occurs 
as the disk type body Is rotated, 

22. A nucleic acid assay method in the nudeic add assay 
device of qfaliti 21 s the method comprising: 
20 (a) inlectlng a nucleic acid containing sample into the preparation 

chamber via the sample Injection unit; 

■(b)- preparing DNAs or RNAs from the nucJeic add containing 
sample; 

(c) opening a first hole between the preparation chamber and the 
25 PGR chamber and rotating the nudeic add assay device for a 
predetermfned period of time, to transfer the prepared DNAs or RIMAs to 
the PGR chamber; 

.(d) closing the first hole, opening a second hole between a 
chamber which store enzymes and buffer solutions required for PGR and 
30 the PGR chamber, and performing the PGR or RT-PCK to amplify the 
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DNAsor RNAs; 

(e) after the PGR or RT-FGR has completed, closing the second 
hole, opening a third hole between the FOR chamber and the array 
chamber, and rotating the nucleic acid assay device for a predetermined 

5 period of time, to transfer the amplified DNAs or cDNAs to the array 
chamber; 

(f) closing the third hole, opening a fourth hole between a 
chamber wNch stores enzymes and buffer solutions required for 
hybridization and the array chamber, and performing the hybridization; 

10 and 

(g) after the hybridfeatson has completed, closing the fourth hole, 
opening a fifth hole between the array chamber and the trash chamber, 
and rotating the nucleic acid assay device for a predetermined period of 
time, to collect the waste from the array process within the trash 

is chamber. 
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